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Strange magnetic moment of the nucleon and SU(3) breaking:
group theoretical approach∗
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An extended group-theoretical approach to magnetic moments of the octet baryons is proposed
with the aim of extracting the strange magnetic moment of the nucleon. Special attention is given
to flavor SU(3) breaking. In this approach, isoscalar and isovector magnetic moments are treated
separately in view of their different behavior under SU(3) breaking. We conclude that the anoma-
lous magnetic moment associated with the flavor singlet current is small. Together with the small
isoscalar anomalous magnetic moment of the nucleon, this implies suppression of the strange mag-
netic moment of the proton which is found to be small and positive, µ(s) = (0.16±0.03) µN in units
of the nuclear magneton.
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I. INTRODUCTION
The strange quark content of the nucleon magnetic mo-
ment is an important issue in understanding the struc-
ture of the nucleon. Recent investigations of the strange
quark contribution to the electromagnetic proton form
factors have been performed with parity violating elas-
tic electron-proton scattering at JLab (HAPPEX) [1, 2],
MIT-Bates (SAMPLE) [3, 4] and Mainz (A4) [5, 6]. For
example, a value extracted from the SAMPLE experi-
ment is GsM (Q
2 = 0.1GeV 2) = 0.37± 0.20± 0.26± 0.07
in units of the nuclear magneton, µN ≡ eh¯/(2Mpc). A
combined fit of all the measurements at Q2 ∼ 0.1 GeV2
suggests positive values GsM = +0.55 ± 0.28, still leav-
ing open the possibility of GsM = 0 at 95% confidence
level [2]. There have been many theoretical attempts
to calculate the strange magnetic moment of nucleon,
for instance, in a vector meson dominance picture [7],
Skyrme soliton models [8, 9], a dispersion relation anal-
ysis [10, 11], meson-exchange model [12], chiral pertur-
bation theory [13], chiral quark soliton model [14], QCD
equalities [15] and lattice computation [16].
This paper presents an investigation of the limits set
for the strange magnetic moment of the nucleon within
the framework of a group theoretical approach. These
considerations do not rely on specific assumptions about
the detailed intrinsic spin structure of the nucleon. The
constraints imposed by the SU(3) symmetry breaking
pattern and possible mixing of the octet with singlet,
decuplet, anti-decuplet and 27-plet representations in the
magnetic moment operators will be examined in a frame-
work based on group theoretical relations, without ex-
plicit reference to quark model wave functions.
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The group theoretical approach for the baryon mag-
netic moments was first developed in Ref.[17] for the
SU(3) symmetric limit, leading to the Coleman-Glashow
relations. In Ref.[18] corrections from chiral perturbation
theory were included. Effects from mixing of representa-
tions other than the octet in the magnetic moment were
discussed using the spectrum-generating SU(3) approach
in Ref.[19]. The SU(6) quark model is also along this
line.
The important point is that, under the SU(3) break-
ing, we should consider not only the mixing of the singlet
operator but also the separate treatment of the isovec-
tor and isoscalar magnetic moments, since the SU(3)
breaking contributes differently to each isospin sector.
Throughout this argument we assume isospin symmetry.
II. SU(3) FRAMEWORK
A. Basic operators
Let us consider the flavor singlet vector current Jµ[1]
together with the octet current Ja,µ[8] (a = 1, . . . , 8). Each
component of the vector currents is written in terms of
the quark fields as
Ja,µ[8] = q¯γ
µλ
a
2
q, Jµ[1] = q¯γ
µ I
3
q, (1)
where λa are the Gell-Mann matrices normalized as
Tr[λaλb] = 2δab and I denotes the 3 × 3 identity ma-
trix.
The electromagnetic current is given by the following
linear combination of the 3rd and 8th components of the
octet current:
Jµγ = J
3,µ
[8] +
1√
3
J8,µ[8] , (2)
in which the first and second term includes the isovec-
tor and isoscalar current, respectively. The pure strange
2vector current is written as a linear combination of the
flavor octet and singlet currents:
Jµ(s) = J
µ
[1] −
2√
3
J8,µ[8] . (3)
The Dirac couplings of the baryons to the vector cur-
rent (1) are fixed by the extended gauge coupling based
on charge and flavor conservation:
LD = ie
(
Tr
[
B¯γµ[λ
a, B]
]
Ja,µ[8] + Tr
[
B¯γµB
]
Jµ[1]
)
, (4)
where the summation over a is taken from 1 to 8, and
the baryon fields are expressed in 3× 3 matrix form as
B =


1√
2
Σ0 + 1√
6
Λ Σ+ p
Σ− − 1√
2
Σ0 + 1√
6
Λ n
Ξ− Ξ0 − 2√
6
Λ

 . (5)
The octet and singlet currents in Eq.(4) couple equally to
the baryons. The ratio of the isoscalar and isovector cou-
plings is fixed by charge and flavor conservation. The OZI
rule is automatically satisfied in this form. On the other
hand, the tensor (Pauli) coupling in which the anoma-
lous magnetic moments appear, is manifestly gauge in-
variant, so that there are no such restriction among the
flavor octet and singlet currents.
Consider now the magnetic moment operators for the
octet baryons in the SU(3) basis: µˆa[8] (a = 1, . . . , 8) for
the octet and µˆ[1] for the singlet. SU(3) symmetry implies
that the baryon matrix elements of each component of
the magnetic moment operator are parametrized by three
independent quantities F , D and S:
〈B|µˆa[8]|B〉 =
{
F Tr
[
B¯[λa, B]
]
+DTr
[
B¯{λa, B}]}µ0 (6)
〈B|µˆ[1]|B〉 = S Tr
[
B¯B
]
µ0, (7)
where the magnetic moments are measured in units of the
SU(3) symmetric magneton defined by µ0 ≡ eh¯/(2M0c)
with the octet baryon mass in the exact SU(3) limit,
M0 = 1152 MeV. The derivation of the SU(3) symmetric
baryon mass is given in Appendix. We assume that the
ground state baryons are in the octet representation of
the SU(3) group without mixing of the other represen-
tations, since the observed octet baryon masses satisfy
very well the Gell-Mann - Okubo relation, obtained by
introducing SU(3) breaking on the mass operator.
The strange magnetic moment of the proton is given
in terms of the parameters S, F and D as
〈p|µˆ(s)|p〉 =
[
S − 2
(
F − D
3
)]
µ0 , (8)
where the operator of the strange magnetic moment is
defined in the SU(3) basis as
µˆ(s) = µˆ[1] −
2√
3
µˆ8[8], (9)
analogous to the strange quark current (3). Hereafter we
shall determine the parameters in Eqs.(6) and (7) from
the observed magnetic moments of the octet baryons.
In the exact SU(3) limit, the operator of the magnetic
moment associated with the electromagnetic current (2)
is given by
µˆγSU(3) = µˆ
3
[8] +
1√
3
µˆ8[8]. (10)
Since the electromagnetic current does not have a flavor
singlet component, the magnetic moments of the octet
baryons are all expressed by the two parameters F and
D. This leads to the Coleman-Glashow relations [17]:
µΣ+ = µp, µΛ =
1
2µn, µΞ0 = µn,
µΣ0 = − 12µn, µΞ− = µΣ− = −(µp + µn) .
(11)
The observed magnetic moments satisfy these relations
approximately at the level of 20%.
B. Symmetry breaking scenarios
The deviations from the Coleman-Glashow relations
are presumably caused by flavor SU(3) breaking. Im-
provements can be introduced by taking into account the
following sources of SU(3) symmetry breaking. First of
all, the corresponding ratio of the isovector and isoscalar
parts in the magnetic moment operators can deviate from
the ratio in the electromagnetic current since the Pauli
couplings are renormalized by quark loops in a different
way for the isovector and isoscalar parts under the SU(3)
breaking [15]. This means that SU(3) relations are satis-
fied independently in the isovector and isoscalar sectors.
Separate SU(3) relations within the octet scheme of the
magnetic moment operator can therefore be written as
follows:
µIVN + µ
IV
Ξ = µ
IV
Σ , µ
IV
N − µIVΞ =
√
3µΣ0Λ (12)
for the isovector (IV) and
µISN + µ
IS
Ξ = µΛ = −µISΣ (13)
for the isoscalar (IS) moments. Here the isoscalar Σ mag-
netic moment is defined as µISΣ =
1
2 (µΣ++µΣ−). The first
relation of isovector (12) and the isoscalar relation (13)
were also obtained in Refs.[20] and [18], respectively. The
relations (12, 13) are satisfied at the 10% accuracy level.
Hereafter, we perform fits separately in the isovector and
isoscalar magnetic moments.
Another source of the SU(3) breaking is mixing with
the magnetic moment operators which belong to irre-
ducible representations of SU(3) other than the octet.
All possible representations mixing with the operator
for the octet baryon are singlet, decuplet, anti-decuplet
and 27-plet, since decomposition of the direct product
of two octets to a direct sum is given by 8 ⊗ 8 =
1⊕ 8s ⊕ 8a ⊕ 10⊕ 10⊕ 27. This kind of mixing results,
3for example, when considering different meson masses in
meson loops.
With inclusion of SU(3) breaking effects the magnetic
moment operators can in general be written as:
µˆγSB = v8 µˆ
3
[8] +
s8√
3
µˆ8[8] + s1 µˆ[1]
+v10(µˆ[10] + µˆ[10]) + v27 µˆ
IV
[27] +
s27√
3
µˆIS[27],(14)
where µˆ[10], µˆ[10] and µˆ[27] is the magnetic moment op-
erators belonging to the decuplet, anti-decuplet and 27-
plet representations, respectively. In Eq.(14), we have
already taken into account the hermitian nature of the
magnetic moment operator. The 27-plet operator with
I = 2 cannot be induced under isospin symmetry. The
coefficients si (isoscalar) and vi (isovector) are depen-
dent on the SU(3) breaking pattern. In the SU(3) sym-
metric limit, the coefficients satisfy s8 = v8 = 1 and
s1 = s27 = v10 = v27 = 0 to recover Eq.(10).
Evaluating the baryon matrix elements of the magnetic
moment operator (14), we find the following expressions
for the magnetic moments in terms of the group theoret-
ical parameters:
µIVN = v8(F +D) + v10K + v27L, (15)
µIVΞ = v8(F −D) + v10K − v27L, (16)
µIVΣ = v8 2F − v10K, (17)√
3µΣ0Λ = v8 2D − v27 3L, (18)
for isovector and
µISN = s8(F − 13D) + s1S(a) + s27 12L, (19)
µΛ = −s8 23D + s1S(a) − s27 32L (20)
µISΣ = s8
2
3D + s1S
(a) − s27 16L, (21)
µISΞ = s8(−F − 13D) + s1S(a) + s27 12L, (22)
for isoscalar. The isoscalar Σ magnetic moment is again
given as µISΣ =
1
2 (µΣ+ + µΣ−), which is the case when
the I = 2 component from the 27-plet operator is neg-
ligible. The parameters, F , D, are defined in Eq.(6) as
reduced matrix elements of the antisymmetric and sym-
metric octet operators, respectively. The reduced ma-
trix elements for the singlet, decuplet, anti-decuplet and
27-plet, S(a), K and L, contribute only to the anoma-
lous moments since the electromagnetic current has no
component of these representations. The normal part of
the singlet operator is fixed by the Dirac coupling (4) as
one unit of µ0. Therefore the singlet parameter S de-
fined in Eq.(7) is given as S = 1 + S(a). The reduced
matrix elements of the µˆ[10], µˆ[10] and µˆ[27] operators
are normalized as 〈p|µˆ[10]|p〉 = −〈p|µˆ[10]|p〉 = i2K and
〈p|µˆIV[27]|p〉 = L, respectively. The matrix elements for
other states are obtained with the SU(3) Clebsch-Gordan
coefficients given in Ref.[22].
We now perform separate fits of the isovector and
isoscalar magnetic moment in the following three cases:
TABLE I: Fitted parameters in units of µ0.
isovector isoscalar
v8F v8D v10K v27L s8F s8D s1S
(a) s27L
Fit 1 1.160 1.661 — — 0.853 1.117 — —
Fit 2 1.160 1.661 — — 0.853 1.144 0.045 —
Fit 3 1.160 1.661 0.100 -0.033 0.853 1.130 0.048 0.031
TABLE II: Magnetic moments in the isospin basis in units of
µN . Experimental data translated to the isospin basis (exp.)
are obtained from the magnetic moments in the particle ba-
sis listed in Ref.[21]. Parenthesis denote uncertainties esti-
mated from the upper limits of the experimental errors given
in Ref.[21].
isovector
N Σ Ξ Σ0-Λ
exp. 2.35294 1.809(18) −0.2997(83) 1.61(8)
Fit 1, 2 2.299 1.890 −0.408 1.563
Fit 3 2.353 1.809 −0.300 1.610
isoscalar
N Λ Σ Ξ
exp. 0.43990 −0.613(4) 0.649(18) −0.9504(83)
Fit 1 0.392 −0.607 0.607 −0.999
Fit 2 0.421 −0.585 0.658 −0.969
Fit 3 0.440 −0.613 0.649 −0.950
Fit 1) with only the octet operator, setting s1 = v10 =
s27 = v27 = 0 ; Fit 2) with the octet and singlet op-
erators, setting v10 = s27 = v27 = 0 ; Fit 3) with the
complete set of operators. For the cases of Fit1 and Fit2
we use the least square method. For Fit 3, the equations
are completely solved, given equal numbers of input and
output quantities. The fitted parameters in each proce-
dure are listed in Table I, and the values of the magnetic
moments reproduced by these fits are summarized in Ta-
ble II.
The results of our fits indicate that the contributions
from the 1, 10, 10 and 27 representations are small in
comparison with the overall magnitudes of the magnetic
moments. On the other hand, the deviation of the ratio
of v8 and s8 from 1, also caused by SU(3) breaking, is
large. The ratios obtained by the fits are around 1.4,
showing a sizable deviation from unity.
So far, we have decomposed the observed magnetic mo-
ments into the SU(3) irreducible representations. This
procedure is independent of models, assuming octet dom-
inance for the baryon states. Next we estimate the mag-
nitude of the SU(3) breaking effects among the vi and si
coefficients in the operator (14). For this purpose, we in-
troduce a constituent quark picture in which the baryon
magnetic moment operator is expressed in terms of the
normal (Dirac) magnetic moments of the constituents.
The anomalous moments of constituent quarks are es-
4timated to be negligible up to next-to-leading order of
the large Nc expansion when taking for guidance the
Gerasimov-Drell-Hearn (GDH) sum rule evaluated with
a chiral quark model [23].
The quark magnetic moment is written in matrix form
as
µq =
Qq
2mq
(23)
with the quark charge operator
Qq =
e
2
(
λ3 +
1√
3
λ8
)
(24)
and the quark masses mq with q = u, d, s. Flavor SU(3)
breaking is introduced by ms > mu,d. The quark masses
are expressed with a SU(3) breaking parameter a as
mq = m¯(1 + a
√
3λ8), (25)
where m¯ denotes an average quark mass m¯. Keeping the
first order in the SU(3) breaking parameter a, we obtain
µq ≃ µ¯q
[
(1− a)λ
3
2
+
1√
3
(1 + a)
λ8
2
− aI
3
]
, (26)
where µ¯q denotes the SU(3) symmetric quark magneton
eh¯/(2m¯c). We have used λ3λ8 = λ3/
√
3 and λ8λ8 =
(2/3)I−λ8/√3. It is important to note that, in Eq.(26),
the SU(3) breaking contributes differently to isovector
and isoscalar magnetic moments, and also that the SU(3)
breaking induces the singlet component. Comparing
Eqs.(14) and (26), we relate the coefficients of the mag-
netic moment operator to the SU(3) breaking parameter
a as
v8 = 1− a, s8 = 1 + a,
s1 = −a, v10 = v27 = s27 = 0.
(27)
Encouraged by the success of the separate fitting pro-
cedure, we evaluate the reduced matrix elements F , D,
S in Eqs.(6) and (7) together with the SU(3) breaking
parameter a from the fit values given in Table I, using
the model just explained. The resulting SU(3) parame-
ters are summarized in Table III. In this table, af and ad
denote the SU(3) breaking parameters a related to the F
and D terms, respectively, and the final estimate for a is
given as the average of af and ad. The value of S shown
in the table includes additively the normal magnetic mo-
ment for the singlet current, which is unity. An error of
S is estimated by using explicitly af and ad, instead of
their average, to compute S.
We obtain the SU(3) breaking parameter a ≃ −0.17
which corresponds to mu,d/ms = 0.62 in Eq.(25). As-
suming a light constituent quark mass mu,d = 320 MeV,
the strange quark mass becomes ms = 516 MeV, consis-
tent with the SU(6) quark model analysis of the baryon
magnetic moments [24]. We also show in Table IV the
TABLE III: Reduced matrix elements, F , D and S, and SU(3)
breaking parameter a obtained by the fits and using Eq.(27).
Here S includes the normal magnetic moment. The SU(3)
breaking parameters af and ad are obtained by the F and D
terms, respectively. The values of F , D and S are presented
in units of µ0. The parenthesis denote the estimated errors
for the last digits.
F D S af ad a
Fit 1 1.007 1.389 1 −0.152 −0.196 −0.174
Fit 2 1.007 1.403 1.268(28) −0.152 −0.184 −0.168
Fit 3 1.007 1.396 1.280(35) −0.152 −0.190 −0.171
TABLE IV: Magnetic moments of the octet baryons evaluated
using Eq.(27) in units of µN . The experimental data are taken
from Ref.[21]. The parenthesis denote the experimental errors
for the last digits.
p n Λ Σ0-Λ
exp 2.7928 −1.9130 −0.613(4) 1.61(8)
Fit 2 2.696 −1.892 −0.597 1.541
Σ+ Σ− Ξ0 Ξ−
exp 2.458(10) −1.160(25) −1.250(14) −0.6507(25)
Fit 2 2.587 −1.246 −1.339 −0.585
magnetic moments in the particle basis, evaluated using
Eq.(27), with the parameters F , D, S and a obtained in
Fit 2.
The flavor singlet anomalous magnetic moment, S(a) =
S−1, obtained after removing the SU(3) breaking effect,
is around 0.27µ0, less than a third of the normal moment,
in contrast to the anomalous part of F in the octet, which
is comparable with the normal moment, F (n) = 1/2.
C. Evaluating the strangeness magnetic moment
Let us now evaluate the strange magnetic moment of
the nucleon using Eq.(8) with F , D and S obtained by
the fits. The values obtained by each fit are summa-
rized in Table V with estimated theoretical errors com-
ing from the evaluation of S. We find, in Fit 2 and 3,
that the strange magnetic moment is positive and small,
but still 2.5 times larger in magnitude than the small
anomalous isoscalar magnetic moment of the nucleon
(µ
IS,(a)
N = −0.06µN). We recall that we do not consider
the singlet component of the magnetic moment operator
in Fit 1. Comparisons with results of other works are
presented in Table VI.
We also show the nucleon isoscalar moments associated
with the u-d and u-d-s quark currents in TableV. The
5TABLE V: Nucleon isoscalar moments in units of µN . The
parenthesis denote the estimated theoretical errors for the last
digits.
µ(s) µ(u+d) µ(u+d+s)
Fit 1 −0.071 +1.258 +0.815
Fit 2 +0.155(22) +1.473(22) +1.033(22)
Fit 3 +0.161(28) +1.484(28) +1.043(28)
corresponding operators are defined by
µˆ(u+d) = µˆ[1] +
1√
3
µˆ8[8], (28)
µˆ(u+d+s) = µˆ[1]. (29)
The matrix elements of these operators for the nucleon
are given in terms of the F , D, S parameters as
〈N |µˆ(u+d)|N〉 =
(
S + F − D
3
)
µ0, (30)
〈N |µˆ(u+d+s)|N〉 = S µ0. (31)
III. DISCUSSION
Several remarks are in order at this point. First, the
experimental extraction of the proton form factor related
to the strange vector current is, in principle, a well-
defined procedure. However, the theoretical discussion
based on Eq.(8), involves potential ambiguities concern-
ing the way in which SU(3) breaking enters in the mag-
netic moment operator, as the symmetry breaking effects
act differently within the octet and in the mixing with
other representations. Irrespective of these principal un-
certainties, our conclusion is that the singlet, decuplets
and 27-plet anomalous magnetic moments are very small.
Consequently, the observed smallness of the isoscalar nu-
cleon magnetic moment implies a strong suppression of
the nucleon’s strange magnetic moment. This conclusion
does not change under different possible SU(3) breaking
scenarios.
In the context of chiral perturbation theory, there are
operators in the sector of the singlet current which do
not involve the quark mass matrix [25]. Since the quark
mass terms are the only source of SU(3) flavor break-
ing in chiral perturbation theory, the singlet moment in
the chiral limit contributes negligibly to the octet mo-
ments, at higher orders of the electromagnetic coupling,
through current matrix elements connecting singlet and
octet. One should note, however, that the symmetry
breaking scenarios discussed in this paper are in a region
quite far removed from the chiral limit, so that singlet-
octet mixing potentially involves mechanisms different
from just those driven by the current quark masses.
It is interesting to compare our analysis with other
models in which configuration mixing is addressed, such
as the Skyrme soliton model. The present analysis sug-
gests a positive value of the strange magnetic moment of
proton, whereas Skyrme models predict negative values
[8, 9]. An alternative recent work [26] investigates the
strange magnetic moment of the proton in a constituent
quark picture, including a configuration uudss¯, and sug-
gests that the sign of the strange moment reflects the
hidden strange quark components in the proton. The
positive value of the strange moment may indicate that
the uudss¯ component preferentially forms a quark clus-
ter rather than a Skyrme type soliton structure with a
strong K0Λ meson cloud configuration.
The smallness of the anomalous part of the singlet mo-
ment has a correspondence in the SU(6) quark model
where the flavor singlet moment is simply represented by
the quark operator
µˆFSq =
3∑
i=1
1
2mi
σzi . (32)
In the exact SU(3) limit with degenerate quark masses
mi, this operator just counts the spin of the baryon. In
this limit, S = 1 and the anomalous flavor singlet mo-
ment vanishes.
The smallness of the anomalous singlet magnetic mo-
ment is also consistent with low-energy theorems for the
singlet vector current. We first recall the Gerasimov-
Drell-Hearn (GDH) sum rule which demonstrates that
the ∆(1230) excitation plays a dominant role in deter-
mining the large (isovector) anomalous magnetic moment
of the proton. If we consider the corresponding version of
the GDH sum rule relevant to the flavor singlet current,
then this sum rule suggests strong suppression of the sin-
glet anomalous moment since the flavor singlet current
does not couple the baryon octet to the decuplet.
IV. SUMMARY AND CONCLUSIONS
We have discussed the magnetic moments of the octet
baryons in a group theoretical approach without explicit
reference to detailed model assumptions about the spin
structure of the baryons. We have proposed a separate
treatment of the isovector and isoscalar parts of the mag-
netic moments. Such an approach provides model inde-
pendent relations among the baryon magnetic moments
as shown in Eqs.(12) and (13), based on the octet domi-
nance of the magnetic moment operator.
For further illustration, we have examined SU(3)
breaking scenarios under the assumption that the baryon
magnetic moment operator has the same SU(3) group
structure as that of the constituents with SU(3) break-
ing driven by the quark masses.
From the observation that the anomalous flavor singlet
moment is less than one third of the normal part, we con-
clude that the strange magnetic moment of the proton is
small, µ(s) ≃ +0.16µN . Its magnitude is less than three
times that of the very small anomalous isoscalar magnetic
6TABLE VI: Comparison of the strange magnetic moment of nucleon between this work, vector meson dominance model [7],
Skyrme model [8], Skyrme model with vector mesons [9], dispersion relation analysis [10, 11], meson-exchange model [12], chiral
perturbation theory [13], chiral quark soliton model [14], QCD equalities [15] and lattice calculation [16].
this work [7] [8] [9] [10] [11] [12] [13] [14] [15] [16]
+0.155(22) −(0.25÷ 0.43) −0.13 −0.05 −0.24(3) −0.26 +0.003 +(0.02÷ 0.03) +0.41(18) −0.75(30) −0.046(19)
moment of the nucleon. This result is compatible with
the existing experimental data [1, 2, 3, 4, 5, 6]. Specif-
ically, our small but positive value of µ(s) is consistent
with the recent analysis of Ref. [2].
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APPENDIX A: OCTET BARYON MASS IN THE
SU(3) LIMIT
With the assumption that the SU(3) breaking effects
on the baryon mass operator behave as the 8th compo-
nent of the octet representation, the octet baryon masses
are parametrized in terms of three quantities, M0, FM
and DM as
〈B|HM |B〉 = M0Tr[B¯B] + FM Tr
[
B¯[HSB, B]
]
+DM Tr
[
B¯{HSB, B}
]
(A1)
where HSB =
1√
3
λ8 and the baryon matrix B is given in
Eq.(5). The baryon mass in the SU(3) symmetric limit
is denoted by M0. Each baryon mass is expressed as
MN = M0 + FM − 13DM , (A2a)
MΛ = M0 − 23DM , (A2b)
MΣ = M0 +
2
3DM , (A2c)
MΞ = M0 − FM − 13DM . (A2d)
Fitting the M0, FM , DM parameters from the isospin
average masses in the least square method, we obtain
M0 = 1152 MeV,
FM = −190 MeV, DM = 60 MeV.
(A3)
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